Abstract-The paper presents the application results of a fuzzy PI controller of temperature in an air conditioning and the way of cultivating this controller on PLC. The quality of the finallyadopted controller on the actual air conditioning is assessed by its tracking of the desired response and the real result shows the superiority of adopting fuzzy PI controller over PI controller in the aspects of reducing temperature overshoot, reducing adjusting time and having good adaptability.
INTRODUCTION
A variety of industrial processes requires precise control of the temperature versus time profile. When the controlled process is nonlinear, a fixed gain PID controller usually cannot give satisfactory control performance at some operating points. It is shown [1] that hysteresis controller application may result in large temperature overshoots, especially at low values of the set-point temperature. The problems with PID controller applications originate from the object non-linearity, resulting in mismatches of the real responses and the projected ones [1] , since the controller parameters must be adjusted following a change in operating conditions. Therefore, one way to improve the control performance of a PID controller on highly nonlinear processes is to vary the controller parameters according to the process operating conditions. This is known as gain scheduling control [2] . This technique can be very useful for air conditioning processes, which are usually non-linear. When using gain scheduling, the abrupt changes to the parameters of the controller, which may occur across the boundaries of the predefined operating regions, can lead to unsatisfactory or even unstable control performance.
Fuzzy gain scheduling has been proposed [3, 4] , as a less computationally demanding means of ensuring that the controller parameters change in a smooth fashion. Process operators' experience is used to define a set of fuzzy rules that relates the controller parameters to particular operating conditions and fuzzy inference is used to generate the appropriate parameter values for a particular operating point.
In addition, Programmable Logic Controller (PLC) has been dramatically evolved since its inception and has greater functionality and application. Advances in operator interface software have provided engineers with a user-friendly environment and a configurable window into all process control applications [5] . The use of PLC has greatly reduced the cost implementing new control circuits on the plant floor and has reduced the time needed to make various changes to the relay circuit as demanded by a given process [6] .
The control of the temperature in air conditioning is considered in this paper. The regulation task was to keep the reference rate of temperature change and to attain the temperature reference without overshoot. The paper presents a basic structure of the temperature fuzzy controller and the method of cultivating fuzzy controller based on PLC, the results of design-time simulations and the results of controller application on the actual air conditioning.
II. TEMPERATURE FUZZY PI CONTROLLER
The basic functional structure of the control loops is shown in Fig.1 , where the inputs are E and Ec. The outputs are KP and KI. To different E and Ec, the requirements of KP and KI can be briefly concluded as the following rules [7, 8] :
When the E is large, the KP must be large in order to speed up the system response; At the same time, in order to avoid big overshoot, the function of integral should be limited and KI have to be small. In addition, when Ec is medium, KP must be reduced and KI have to be lesser value for continuing to eliminate bias and avoid oscillation; when Ec is small, in order to eliminate the static bias and stabilize the system response, the value must be continued to reduce and KI must be large.
2)
3) If output of system is bigger than the set value, KI is reduced.
4)
If the rising time is longer than that of requirement, KP is added.
5)
The second ruler is of priority over the fourth one. Table Ⅰ and table Ⅱ are the rule-base table for adjusting KP and KI [7] , resulted from a desired step response of a feed back control system, as shown in Fig.7 . In Table Ⅰ and table  Ⅱ , S stands small, M medium, and L large. The membership functions u of E, Ec, KP and KI are shown in Fig.2(a)-(d) , 
4) Calculating the membership functions of E and Ec

5)
Calculating KP and KI 6) Sending KP and KI to the module of PI The structure of procedure is shown in Fig.3 . The module interface of the fuzzy PI and the corresponding symbol are shown in Fig.4 and Fig.5 . The building plan is shown in Fg.7, which includes many rooms, the flow of the air conditioning is shown in Fig.8 . In the actual air conditioning system, the air return temperature responses using the fuzzy PI module are shown in Fig.9 . Comparing the course of return air temperature varying in Fig.9 , the fuzzy PI controller is superior to using PI controller.
IV. CONCLUSIONS
The necessity of using the fuzzy logic temperature regulation emerged due to non-linearity of the controlled air conditioning. The fuzzy controller is implemented with separate controllers of temperature. Conclusions can be drawn from the development and implementation on an actual clean room air conditioning: 1) Responses to the commanded temperature is good with the fuzzy PI controllers used, as illustrated by real running results; 2) The values of KI and KP must be adjusted according actual situation, which can not be too small and too large.
3) The results of simulations and real running data show that using fuzzy PI controller is superior to using PI controller, which indicates exploiting fuzzy PI procedure on PLC is feasible.
